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The authors comprised part of a reconnaissance team 
investigating damaged buildings within 100km of Tainan City 
as a result of earthquake shaking associated with the 6 
February 2016 Meinong earthquake. Tainan City, Taiwan was 
considered to be the nexus of damaged buildings, although 
damage was reported far from the city center.  The response 
and recovery of this metropolis, immediately following the 
earthquake, will be described and discussed in context with the 
response and recovery of other communities affected by other 
recent damaging earthquakes of similar magnitude (Napa, 
Christchurch, Haiti).  Recovery related to building damage will 
also be discussed in context with the current focus on 
resiliency and what that means for communities associated 
with the studied earthquakes. 

The subject earthquake occurred at just before 4am local time 
on 6 February 2016 in the Meinong District, Kaohsiung City 
in southern Taiwan. The epicenter was located at 22.93o N, 
120.54o E with a focal depth of 16.7 kM. The event occurred 
during an extended holiday weekend (Chinese New Year),
similar to New Year celebrations in western culture.  Many 
residents were either vacationing or away from their homes in 
the urban center of Tainan (the largest concentration of 
inhabitants closest to the epicenter).  This earthquake occurred 
approximately 16 years after the larger, more destructive Chi 
Chi earthquake.  Over those 16 years, Taiwan and its people 
developed a sense for earthquake effects, potential damage, 
retrofit, recovery and response programs all well before 
resiliency became a buzzword. 

Simpson Gumpertz and Heger (SGH) developed a plan to 
travel to Tainan and observe damage and report on recovery in 
the local area.  Kevin Moore and Anindya Dutta were assigned 
to the reconnaissance team.  Kevin and Anindya managed all 
further coordination efforts, which eventually included the 
University of Washington, University of Texas at Arlington, 
EERI, GEER, Degenkolb, Gilsanz Murray Steficek LLP,
Broad Hand Enterprise, NCREE, NCKU and a number of 
Taiwanese locals, including practicing structural engineers and 
government officials. 

Through our coordination efforts, we were able to add Andrew 
Sen (a PhD candidate at the University of Washington) and Po-
Chien Hsiao (a University of Washington alumni, practicing 
structural engineering consulting in Taipei) to our 
reconnaissance team.  Po-Chien was a critically important 
resource to the reconnaissance team, considering his command 
of both the language and the culture of Taiwan.  His 
commitment and dedication to our effort is greatly appreciated. 

Most reconnaissance reports provide heavy technical 
information, with an eye to certain infrastructure performance 
(e.g. building failures, infrastructure failures, ground failures 
etc.).  This paper will represent our reconnaissance trip in the 
form of our daily journal entries (edited for length and 
content), followed by a reflection on what we observed in a 
resiliency context. 
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Monday 15 February 2016 through Wednesday 17 February 
2016 were devoted to travel from San Francisco to Tainan.  
The three person team of Andrew, Anindya and Kevin met 
with Po-Chien at Shangri-La Hotel, Tainan, at 9am 17
February. 

Wednesday 17 February 2016 
Meet with reconnaissance group at NCKU 9:30am 
 Lyan-Ywan Lu (NCKU) 
 Tsung-Chin Hou (NCKU) 
 Chung-Chan Hung (NCKU) 
 Tung-Ho Tsai (TH Tsai and Associates) 
 Justin C.H. Shih (Structural Engineer) 
 Degenkolb Reconnaissance Team 
Discuss list of buildings and set plan of action for 
observation, left approximately 10:30am local 

Building observation log/summary 
1) 10:27am Local Time – Visited area of liquefaction 

northwest of downtown Tainan, significant settlement of 
two concrete buildings, both 3 stories, reinforced 
concrete, unknown foundation type (.  Adjacent buildings 
also settled, long abandoned.  Location near river, below 
adjacent levee across road, water table likely within 1m of 
grade.

2) 11:46am Local Time – Visited Deguang High School, 5, 
5-story reinforced concrete buildings.  Justin Shih 
retrofitted 4 of the 5 buildings.  Buildings range in age 
from 30 to 50 years old.  Retrofit added reinforced 
concrete shear walls and steel pipe columns under 
cantilever reinforced concrete beams.

3) 1:40pm Local Time – Visited collapsed 4-story reinforced 
concrete marketplace building.  Majority of wall located 
in the building southwest corner, causing a torsional 
response to earthquake shaking, leading to shear failures 
in columns, failure of column confinement reinforcing, 
longitudinal bar buckling and eventual collapse.  
Primarily reinforced concrete frame buildings surround 
the collapsed building with minor structural damage 
evident at top and bottom of 1st story columns.

4) 3:20pm Local Time – Visited converted office building 
(to hotel) under construction (façade improvement).  
Collapsed 10-story reinforced concrete building with 
minimal wall and lightly confined reinforced concrete 
columns.  Presence of several fire extinguishers near 
collapsed column indicates possible void material placed 
inside confined region of gravity column.  Short 
reinforcing lap splices and minimal column confinement 
appear to contribute to collapse. 
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5) 3:45pm Local Time – Visited residential building being 
demolished.  Partial collapse and leaning building, 
demolition revealed extremely weak concrete (similar to 
mortar or lean concrete). 

6) 4:00pm Local Time – Visited 3-story reinforced concrete 
building under construction near collapsed building.  No 
evident cracking, balanced wall layout and rectangular 
floor plan.

7) 4:23pm Local Time – Visited Guei Ren Junior High 
School, 5-story reinforced concrete buildings, some 
retrofit evident.  Most damage appears to be related to 
east-west motion (response to theoretical e-w
directionality of ground shaking).  Retrofit consists of 
discontinuous steel braced frames (two bays, one side of 
one building), reinforced concrete frames (beam/column 
thickening).  Water tank appears to have fallen from roof 
of unretrofitted building.

8) 5:05pm Local Time – Visited Guei Ren District Office, 3-
story reinforced concrete building with partial retrofit on 
front elevation, solid walls at ends of building, significant 
interior walls (likely reinforced concrete frames with 
unreinforced infill).  Minimal damage other than single 
tank failure at roof (replaced with two new smaller tanks).
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Thursday 18 February 2016 
Meet with SGH Team at Shangri-La Hotel for breakfast, 
8:30am, discuss list of buildings and set plan of action for 
observation, left approximately 10:00am local 

Building observation log/summary 
1) 10:43am Local Time – Visited Shanshang District Office 

building, 3-story reinforced concrete building, similar in 
plan to Gueiren District Office, with the exception of stair 
location.  Severe damage observed in the first story 
columns.  Column shear cracks are evident, foundation 
movement seems possible based on observed damage.  
The water tanks on the roof failed and nonstructural 
damage was observed inside the building.  Video of 
shaking during earthquake was obtained from building 
management.

2) 11:21am Local Time – Visited collapsed reinforced 
concrete residential/market building in Shanshang 
District.  Reinforced concrete building with masonry infill 
walls, decent concrete quality, but significant torsional 
response likely given plan layout.  Small adjacent URM 

building collapsed based on wall collapse and related roof 
failure.

3) 11:35am Local Time – Visited 4-story reinforced concrete 
building with masonry infill walls and open front; typical 
retail/residential building with observed damage.  Hinging 
in columns, inadequate column bar confinement and 
indications of a torsional response are all evident with this 
building.  No damage observed in an adjacent 5-story R/C 
building, 4-sided but non-rectangular, performed very 
well, virtually solid wall on two (and ½) sides, plus a third 
side buried against a wall to the rear.

4) 11:53am Local Time – Visited a temple across the main 
street from the R/C buildings.  The statue/shrine in front 
of the main building appeared to be damaged, with the top 
of the statue/shrine.  No other visible damage, especially 
noted in the highly complex art placed all around and on 
the building roof surface.  Adjacent URM buildings show 
significant cracking, clay tile roof failures.
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5) 12:28pm Local Time – Visited the Juojhen District Office.  
This 3-story reinforced concrete building with masonry 
infill walls is similar to other district offices, but a recent 
addition at the rear of the building makes the plan layout 
and associated conditions different from other examples 
of this building.  Significant cracking evident throughout 
the building interior, with a tank failure at the roof level.  
A few small walls appear added to the original structure 
in the longitudinal direction at the first floor just at the 
entry to the internal stairway. 

6) 1:08pm Local Time – Visited the library behind the 
district office building.  The 2-story reinforced concrete 
building appears to have frames acting as primary lateral 
resistance at the front of the building; rear of the building 
is an almost completely continuous reinforced concrete 
wall.  No damage was observed at this building. 

7) 1:35pm Local Time – Visited the Nanhana District Office 
building.  This 3-story reinforced concrete building with 
masonry infill walls is similar to other district offices, but 
a recent addition at the rear of the building makes the plan 
layout and associated conditions different from other 
examples of this building.  Significant shear cracking in 
“front” columns, masonry infill walls and other 
concrete/masonry interface locations.  Nonstructural 
damage was observed, including fallen ceiling tiles.  We
observed an offset in finished floor elevation directly over 
one of the expansion joints between the original building 
and the addition at the rear of the building.

8) 3:42pm Local Time – Visited a series of residential 
buildings, with a focus on one of the buildings in the 
Yujing District.  The primary building of interest 
comprises a 3-story base masonry structure with 1-story 
lightweight steel framed roof structure.  Cracking was 
evident at all interior masonry walls and reinforced 
concrete columns, interior stairs and beam-column joints.  
One of the buildings was damaged during the 2010 EQ in 
Taiwan.  Reconstruction includes replacing multiple 
URM interior partitions with newly constructed 
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unreinforced URM (brick) walls.  Some buildings have 
poor layout of existing walls, thereby creating a torsional 
response to earthquake shaking (as evinced in damage).

9) 4:10pm Local Time – Visited the Yujing Junior High 
School, most observed damage was limited to an older 
(1999) reinforced concrete building.  This building 
received minor damage in a 2006 earthquake.  NCREE 
reviewed/evaluated the building and recommended no 
retrofit (per the school principal).  We observed multiple 
cracks in columns, walls and structural separation 
between stair tower and building.  Newer buildings 
(completed in 2012) appear undamaged, but settlement 
and localized ground movement around the base of the 
building expressed in local concrete spalling and cracking.  
Some new flatwork is damaged. Evidence of pounding at 
bridges between adjacent buildings.  NCREE may have 
data on the 1999 building; available for study soon.

Friday 19 February 2016 

Meet with SGH Team at Shangri-La Hotel for breakfast, 
9:00am, discuss list of buildings and set plan of action 
for observation, left approximately 10:00am local 

Building observation log/summary 
1) 10:30am Local Time - Visited a 24-story hotel in Tainan 

City, 580 Pingtung Road.  The reinforced concrete 
building was connected via concrete beam to adjacent 24-
story reinforced concrete building at 592 Jiankang 3rd

Street.  No clear reason was evident for connection, acted 
like coupling beam, but was not detailed to accommodate 
the imposed displacement.  Building was approximately 
200’ x 200’ adjacent to another building on Pingtung Road 
that also exhibited exterior façade damage; building 
measured approximately 200’ x 200’ abutting another 
building along Guoping Road of similar size.  Interior 
damage assumed based on debris pile being developed 
outside of building exit location.  These hotels/apartments 
are located approximately 100’ south of the river, with a 
plaza and road between buildings and river.

2) 11:35am Local Time - Visited the collapsed and 
demolished Weikuan Jinlong Complex in Yongkang 
District.  Exposed reinforcement appears spliced with 
very short and likely ineffective couplers, inadequate 
confinement reinforcement and ductile detailing.  
Minimal columns evident at perimeter basement wall and 
interior of basement area.  Adjacent buildings appear 
generally undamaged, a machine shop immediately 
adjacent to the collapsed building was fully functional and 
fabricating during the visit.  A large bell hung from a 
heavy roof system at an adjacent property with no 
apparent damage.  Various water tanks on roofs collapsed, 
toppled or fell from roof of buildings within a three block 
radius.
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3) 12:24pm Local Time - Visited a building that was 
constructed by the same contractor who built the Weikuan 
Jinlong Complex.  This building comprises 4 independent 
towers, integrated via a common basement and first floor 
slab.  The only obvious damage appeared in a column in 
the garage space below the entry structure.  The column 
damage appears to occur at a construction joint or 
discontinuity in the slab construction, just below the first 
floor slab.  The building was constructed in 1992 and has 
a brick veneer façade.  New crack formed on basement 
wall with evidence of new/fresh water seeping through 
crack.  No other apparent damage; Po-Chien should 
receive building drawings if any exist (he has some photos 
of existing drawings made available during the visit).

4) Interviewed Po-Chien Hsiao during lunch. 
5) 3:01pm Local Time – Visited King’s Town Bank, a 10-

story reinforced concrete building that collapsed because 
of a soft/weak first story.  The collapse evinced in column 
failure in the rear of the building; inadequate confinement 
steel and reinforcing details.  The demolition of this 
building seemed far more demanding than other 

demolitions; meaning the concrete quality is better than 
most.  The lean observed during our visit was exacerbated 
during demolition; original failure/lean was likely less 
than 15-degrees from vertical.  Failed column measured 
20”x20” with apparent #10 longitudinal reinforcing steel 
and #4 hoops with 90-degree, 2” long hooks.

6) Po-Chien departed for Taiwan at approximately 4pm. 
7) Attended GEER wrap-up meeting at 5pm.  SGH agreed to 

assist in the development of a reconnaissance report 
(development of a structural behavior section for the 
report). 

Saturday 20 February 2016 
Meet with SGH Team (minus Po-Chien) at Shangri-La Hotel 
for breakfast, 9:00am, set plan of action for observation, left 
hotel approximately 10:30am local 

Building observation log/summary 
1) 10:30am Local Time – Conducted walking tour of the 

National Cheng Kung University campus.  Observed 
multiple classroom buildings, dormitories, hospital, 
outpatient building and library.  Observed minor damage 
at the northwest corner of the library on the first floor.  
Observed other damage at a small classroom building, 
may not be related to this earthquake. 
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2) 2:30pm Local Time – Visited the Tainan Power Company 
building, in the West Central District on Zhongyi Road 
Section 1 (22deg59’16”N, 120deg12’7”E).  The 8-story 
reinforced concrete building is L-shaped in plan with a 
plan offset around the perimeter of the building (north and 
east elevations).  The building is generally 180’ x 165’ in 
plan (extreme dimensions).  Observed spandrel and pier 
cracking in exterior tile façade; assumed to be an 
expression of concrete damage. 

3) 2:50pm Local Time – Visited an 11-story reinforced 
concrete residential building in the West Central District 
on Fuqian Road, Section 1 (22deg59’22”N, 
120deg12’14”E).  The building is approximately 80’ x 80’ 
square in plan.  Observed shear cracks in a stacked pier at 
3rd, 4th and 5th stories. 

4) Toured the Confucian Temple and surrounding grounds.  
While historic in location and context, much of the 
structures appear repaired or replaced, including the 
addition of modern structural hardware, replacement of 
wood elements with concrete and other modern alterations 
of this ancient temple. 

5) Gathered for a drink at the hotel bar (a phenomenal 
selection of whisky from all over the world, Kavalan is 
excellent).  We then went for dinner at The Long Trunk, a 
local Thai/Curry restaurant (Anindya’s request, but he 
didn’t eat much).  

6) Returned to room, finished write up of Day 4, update to 
PowerPoint presentation and updated notes.  Based on 
notes and recollections, we have observed more than 60 
buildings, with more than 20 buildings showing some 
level of damage.
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While our journal clearly shows a predilection toward 
observation of building damage, that traditional format 
afforded us the ability to venture far from Tainan proper and 
observe the community’s response to the disaster. Without 
true local knowledge or influence, we were directed to observe 
certain areas, identified on a map developed and distributed by 
NCREE (17 February log entry).  This map guided our tour of 
Tainan and the surrounding areas. 

The following map depicts a satellite image of the area around 
Tainan City, with points of interest (damaged buildings) 
identified by numbered points correlating to building damage 
and reported building damage.  Damage appeared to be 
widespread and allowed our group an opportunity to see how
society was operating following the earthquake. 

We observed activities that appeared to be normal throughout 
Tainan City (e.g. people walking in parks, traffic functioning 
normally, people eating in restaurants).  Outside of the more 
populated regions, certain areas had infrastructure failures 
(e.g. bridges out, water distribution disruption), but we 
observed what appeared to be normal activity given the 
proximity of our visit to the New Year holiday. 

Tainan, like most urban centers, has an extensive water 
distribution system.  A number of system failures temporarily 
disrupted water distribution to over 400,000 people.  Tainan 

officials responded quickly and restored water distribution to 
most of Tainan and the surrounding areas within two weeks.  

We observed the above ground repair of a major distribution 
line (1,500mm diameter depicted in the system map), that 
extended for more than 7 miles along a major thoroughfare.  
This repair was complete and fully functional within just a 
week of the earthquake. 

The collapse of Weikuan Jinlong also caused local disruption 
of water distribution, which was in process of being repaired 
during our visit. 
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In addition to piped water, it appeared that some buildings 
used rooftop or ground mounted water tanks for storage 
and/or water pressure.  A number of these tanks failed during 
the earthquake.  Many of these tanks appeared new and a few 
citizens indicated that many failed tanks were replaced 
immediately following the event. But, we did observe 
hundreds of rooftop tanks that were still damaged. 

We observed the repair of telecommunication systems within 
two weeks of the earthquake, near the Weikuan Jinlong 
collapse site. While we do not have data on the extent of 
damage to these systems, we were impressed with the level of 
response in this location. 
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Based on our experience, transportation systems were fully 
operational very quickly after the major event and during 
subsequent aftershocks. The primary airport for Taiwan 
(Taoyuan International) was fully functional on the day of the 
event, with no observed disruption during our travels.  While 
we did not take advantage of flight opportunities at the 
Taichung and Green Island airports, we did not learn of any 
disruption to services at those locations. 

We understand that train services were disrupted for a very 
brief time immediately following the earthquake, but that 
service was fully restored a short time following the 
earthquake (within the same day). 

We observed roads that were impassable because of localized 
bridge or roadway support damage, but those locations were 
well outside the urban reach of Tainan.  We observed a 
considerable amount of automobile and moped traffic 
throughout our trip.  Po-Chien noted that the traffic appeared 
similar to what he remembered the last time he visited the area. 

While we were not afforded any opportunity to observe power 
producing facilities or wastewater treatment plants, news 
reports and anecdotal evidence indicated that some electrical 
systems were damaged with disruption of power to over 
12,000 households, but primary power generation facilities 
were generally functional following the earthquake.  Two 
nuclear power units remained operational during and after the 
earthquake.  Two coal fired power plants and two substations 
were temporarily shut down to perform repairs.  There were 
certain areas of the more dense urban areas that were not 
functional, primarily related to proximal building collapse. 
But, even in areas where a building collapse only disrupted 
street traffic, adjacent businesses and homes were occupied 
and generally functioning. 

We observed very well coordinated systemic response to the 
earthquake and related damage.  A very concerted effort 
related to demolition and cleanup of the most heavily damaged 
buildings happened almost immediately.  By the time our team 
arrived, the largest collapse was completely removed with 
only basement work remaining (a demolition project that 
would typically take much longer than the 10 days observed).  
In addition to the demolition and cleanup efforts, government 
officials were working with affected businesses near collapsed 
or partially collapsed buildings.  We observed federal revenue 
officers (similar to tax collectors) interviewing affected 
businesses and/or documenting businesses not in operation 
near collapsed buidlings.  Additionally, we were told that the 
bank that owned one of the collapsed buildings promised to 
pay affected business for their temporary loss of business and 
inconvenience. 

The response to this earthquake via local recovery and repair 
efforts appeared consistent with earthquake response 
previously experienced in affected areas of Japan, Taiwan and 
China.  However, it appears that the Taiwanese mobilized to 
respond in a very short time and immediately started 
demolition and infrastructure recovery after search and rescue 
efforts were complete.  We were told that most of the 
immediate response efforts can be attributed to the lessons 
learned from the 1999 Chi Chi earthquake. 

This earthquake was similar in many ways to both the 2014 
Napa and the 2011 Christchurch earthquake.  The primary 
similarity is related to ground motion.  All three earthquakes 
appeared to produce ground motion similar to what we might 
consider the “design basis earthquake” in US building codes.  
Most ground motion records indicate PGA of approximately 
0.4g, with duration of shaking less than 20 seconds. 

Ground shaking intensity is likely different for many of the 
affected buildings throughout the affected region.  We 
observed a considerable number of buildings that would not 
meet current building code standards in terms of strength, 
stiffness, detailing and construction quality that performed 
very well and were occupied and apparently providing their 
intended function.  This observation is similar to the three 
example earthquakes (Tainan, Napa and Christchurch), with 
one difference being related to extensive liquefaction in 
Christchurch. 

When considering similarities of the earthquakes in Tainan, 
Napa and Christchurch, one would identify that recovery and 
repair should proceed along similar lines.  But for myriad 
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reasons, each region recovered very differently.  This 
observation is directly related to community resilience and 
through anecdotal evidence, we can surmise that resilience is 
more about community response and culture than it is about 
building behavior.  Again, Christchurch may not represent a 
truly identical comparator, but the extremely long recovery 
period in that city is also worthy of consideration in the 
resiliency context.  

In terms of resiliency, each community makes decisions 
related to business, occupation of damaged buildings, 
alternatives to recovery, damage repair, retrofit, public health 
and safety, public relations, future economic viability of the 
affected region and responsibility to citizenry.  In each 
affected region, community leaders and government officials 
made decisions and executed a recovery plan that was shared 
globally through modern media.  In addition to traditional 
media, social media spread information about damage and 
recovery via graphics and video.  Even with these 
communication methods, recovery was very different in 
Tainan, Napa and Christchurch.  All three earthquakes 
produced ground shaking that is considered a reasonable risk 
to existing building stock and a minimal risk to newer building 
stock.  Recovery would be expected within 30 days for most 
building stock built after the 1980s in all three areas 
considering the maturity of earthquake engineering in each 
region. 

Napa has a small percentage of buildings built prior to the 
1980s, with a few notable buildings damaged for a second time 
in the 2014 earthquake.  The recovery for all but a few 
buildings was complete well within the 30 day window and 
government officials were touting that all was “normal” in the 
region to minimize any negative effects of the earthquake on 
their tourist trade.  A few wineries suffered considerable 
product loss, but operations in the affected facilities were 
restored within a few weeks. Lost product was typically 
covered through insurance. 

Christchurch had a significant number of “heritage” buildings, 
built before adoption of modern building codes.  Many of this 
buildings lacked strengthening of well-known seismic 
vulnerabilities.  A number of buildings were identified as 
potential collapse hazards following the 2011 earthquake,
necessitating the restriction of access to a large portion of the 
Central Business District (CBD).  Much literature describes 
the details of damage in Christchurch and their challenges to 
recovery.  But, the city has yet to recover in the ensuing 5 years 
since the event that caused most of the building damage. A
number of legal battles about insurance proceeds still drag on. 

Tainan and the surrounding affected areas has a majority of 
building stock with construction details that would not meet 
current building codes in either Tainan or the US.  Many of 

these buildings comprise unreinforced masonry walls and 
infill surrounded by nonductile reinforced concrete frames.  
The Meinong earthquake tested all buildings in the region, but 
the most heavily damaged appeared to be those buildings with 
significant system irregularities and local construction defects.  
Most observed failures exhibited well known issues that are 
identified and restricted or eliminated in current building code 
standards.   

Table 1 shows some general comparative data related to each 
city/region and the effect of the earthquake on buildings as 
measured through registered “red tags” reported through 
varied sources (consider generally unreliable data). While this 
data is not comprehensive or necessarily reliable, it provides a 
relative comparison of building performance for a large region 
and the communities’ general ability to recover following a 
M6+ earthquake. 

The data in Table 1 can also be affected by perspective; 
individual building owners may disagree with a recovery 
estimate of 2 months, if his particular building remains 
damaged and non-functional.  However, the assessment of 
recovery is based on the overall community function, which is 
likely measured differently than the recovery associated with 
a single building. The data in Table 1 might indicate some 
type of correlation between recovery time, number of red 
tagged buildings and population density, except for 
Christchurch, which seems to have more affected buildings for 
a relatively small and distributed population.  The recovery in
Christchurch has been much slower than hoped for reasons 
that extend beyond the reach of this paper. 

Community resiliency is now becoming a focus of government 
officials at the national, state and regional level.  While this is 
an important development, many individuals focus on 
statistics associated with earthquake deaths, especially in the 
United States.  Recent major earthquakes around the world 
garner media interest and some interest from those concerned 
with public safety.  However, much recent earthquake damage 
and loss of life in Italy, China, Haiti and Indonesia are 
attributable to conditions that do not exist in areas of the 
United States that have generally designed against earthquake 
forces (e.g. California).  When considering the effects of 
earthquakes on a purely statistical level, one can see that 
earthquake related death is not a compelling reason for 

City Population Area (mi2) Density (#/mi2) Red Tags Recovery
Napa 76,915 18 4200 156 > 6 Months

Christchurch 381,800 235 670 1072 > 5 Years
Tainan 1,855,550 846 2214 288 < 2 Months

Proceedings Page 595 of 950



legislators to develop public policy to improve design of 
buildings or infrastructure (Table 2). 

Therefore, the current paradigm for resiliency in the United 
States is related to financial benefit, which is difficult to prove 
and incongruent with current building code regulations.  Until 
performance based design becomes codified or considerations 
associated with financial losses related to damage, business 
interruption and economic effects of slow recovery are part of 
the legal standard of care for the construction industry, little 
will change to improve resilience on a broad scale. 

Aggressive mitigation of known risks (e.g. soft-story 
buildings, nonductile reinforced concrete buildings) will help 
improve the resilience of urban areas subjected to earthquake 
shaking, but to what extent?  In our visit to Tainan, we
observed a society that recovered in a very short time.  Their 
response to infrastructure failure was impressive and the 
general building stock performed well.  Very few buildings in 
Tainan have been evaluated or retrofit for seismic effects and 
a majority of observed buildings performed well enough to 
continue to function as intended.  Those buildings that were 
considered a loss, provided life safety and are probably 
repairable.  The few exceptions were literally “few and far 
between.”  If resilience is measured in community function, 
Tainan was resilient.  The level of retrofit work observed in 
Tainan was minimal and primarily limited to school buildings.  
The community appeared to be interested in recovery, 
removing those buildings that were a loss, and focusing energy 
on getting back to a normal life.  Other than those few 
buildings that were lost, existing building stock performed 
adequately well and the Taiwanese focused their efforts on 
returning their lives back to normal. 

United States Geological Survey website 
https://www.usgs.gov/

National Center for Research in Earthquake Engineering 
(Taiwan) website 
http://www.ncree.org/  

Pacific Earthquake Engineering Research Center website 
http://peer.berkeley.edu/

Total # of
Earthquakes
>M5 (World)
(1990-2012)

Estimated
EQ Deaths
Worldwide
Since 2012

Total Worldwide
Population 2012

"Average" 
Deaths per 
Earthquake
Worldwide

% Population
EQ Deaths
(1990-2012)

38,376 904,323 7,080,072,450 24 0.0128%
Total # of

Earthquakes
>M5 (US)

(1990-2012)

Estimated
EQ Deaths

in US
Since 2012

Total US
Population 2012

"Average" 
Deaths per 
Earthquake

in US

% Population
EQ Deaths
(1990-2012)

1,504 70 314,780,970 0 0.0000%
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